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Abstract.The isolation of rough lemon (Citrus jambhiri Lush) rind essential oil has been 
done by using hydrodistillation method and paper disk diffusion test for antibacterial 
activity test. 2.3 gram (1.51%) of essential oil was obtained from 450 gram of dried rough 
lemon rind powder. Based on the analysis using GC-MS, the essential oil from rough lemon 
rind contains 5 chemical compounds, but only 4 of them can be interpreted. They are 
Limonene (71.88%), 1,4-cyclohexadiene (13.93%), β-Pinene (10.57%) and  β-Ocimene 
(2.37%). Antibacterial activity was tested to Bacillus cereus and Escherichia coli at 40% 
concentration (v/v) with 12.7 mm and 12.9 mm of clear zones respectively.  
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1 Introduction 
Rough lemon (Citrus jambhiri Lush) plant, also known as Sundai orange or Sundai acid, is 
similar to lime, but with a different kind of aroma (Baymolo, 2002). Rough lemon is commonly 
used by Batak Toba society as the main ingredient to make a special food called dekke naniura, 
in which cut carp meat is sprinkled with rough lemon essence, added some other ingredients and 
left for 30 minutes to serve (Purba, 2011). The addition of rough lemon enhance the aroma of 
the fish and still maintain the nutritional content in the fish  (Tarigan et al., 2016; Manalu, 
2009).  
Food like carp is able to be the medium or substrate for the growth of pathogenic 
microorganism as causes of disease like Escherichia coli and Bacillus cereus bacteria (Siagian, 
2002). Therefore, a substance that is able to kill the microorganism is needed, for instance rough 
lemon. To get the essence of rough lemon, the fruit is peeled and the rind is removed. The peel 
of fresh rough lemon contains essential oil.  
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Essential oil is a complex mixture of volatile oil, or a volatile oil obtained from plants by 
distillation (Sastrohamidjojo, 2004; Baser, 2010; Guenther, 1987). Muhamed  et al. (2013) 
isolated and identified the components of fresh rough lemon rind. There are 6 chemical 
components in the essential oil with the highest content of Limonene (84.5%). Essential oil 
industry has got a high economic value as it is widely used as fragrance or flavoring in 
cosmetic, food, beverage, soap or medicine (Mulyani et al. 2009). 
Rough lemon essential oil is useful as anti-inflammatory, antitumor, antibacterial and antifungal 
(Hamdan et al., 2013).Based on organoleptic test, rough lemon rind also contains essential oil, 
but there has not been any research done to rough lemon rind.  
The aim of this study is to investigate the chemical compound in rough lemon (Citrus jambhiri 
Lush) rind essential oil as well as testing antibacterial activities. Essential oil was isolated using 
hydrodistillation method with Stahl distillation. The determination of chemical compound was 
done using GC-MS while antibacterial activities were tested using paper disk diffusion to 
Bacillus cereus and Escherichia coli bacteria.  
2. Materials and Methods  
2.1. Research material 
Rough lemon (Citrus jambhiri Lush) rind sample used in the research was collected from Desa 
Pangaloan, Pahae Jae district, North Tapanuli Regency, North Sumatra. The chemical used were 
anhydrous Na2SO4 and DMSO from Fison. Bacteria used were Bacillus cereus and Escherichia 
coli. Agar nutrient, Broth nutrient and Mueler Hinton agar (MHA) from Oxoid were used as the 
medium.  
2.2. Research equipment 
This research used GC-MS (QP2010S SHIMADZU) equipment, a set of hydrodistillation 
equipment and an autoclave (Yamato SN 20). 
2.3. Rough Lemon Rind Essential Oil Isolation 
Essential oil was isolated based on the procedure by Bausbia et al. 2009. As much as 150 gram 
of dried rough lemon peel powder was inserted into 1000 mL hydrodistillation flask. 200 ml of 
distilled water was added and put to boil for 5 hours in an oil bath until essential oil evaporated. 
The distillate obtained was a mixture of essential oil with water. Next, it is separated with a 
separating funnel. Essential oil collected was dried by adding Na2SO4 anhydrous. Oil was kept 
in a fridge at 4oC before its use. The chemical component in the oil was anlysed with GC-MS 
and antibacterial activities test was done using paper disk diffusion method.  
2.4. Antibacterial Activities Test of Rough Lemon Rind Essential Oil  
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Antibacterial activities was conducted based on test procedure by Mithraja et al. (2012). MHA, 
NB and bacterial inoculum media in NB were prepared following the procedure 
byTendencia(2004) and Bauer et al. (1966). Then the concentration of essential oil from rough 
lemon rind was varied from 25,30, 35 to 40 % (v/v) with DMSO solvent. 0.1 ml Bacillus cereus 
inoculum was put onto petri dish and 15 ml of MHA was added at 45oC – 50oC, homogenized 
and left until the media solidified. Paper disk with essential oil was put and incubated at 35oC 
for 24 hours in an incubator (Mithraja et al., 2012). Clear zone around paper disk was measured 
using a caliper.  
3. Results And Discussion 
3.1. The Isolation of Rough Lemon Rind Essential Oil  
Essential oil from rough lemon peel was obtained through hydrodistillation method with 
hydrodistillation equipment. Distillation process was done for three times, each procedure used 
150 gram of dried rough lemon powder which summed up to 450 gram of powder used. 2.3 
gram (1.51%) of colorless essential oil with a distinct smell was produced.  
In order to know the chemical components and the content of each in the essential oil, GC-MS 
analysis was conducted. Based on GC-MS chromatogram for rough lemon rind essential oil 
(Figure 1.) shows that there are 5 peaks which mean that the essential oil has got 5 chemical 
compounds where 4 of them are interpretable based on Wiley and Nist Library shown in Table 
1.  
 
 
 
 
 
 
 
 
Figure 1.GC-MS chromatogram for rough lemon rind essential oil 
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Table 1.Chemical components in rough lemon rind essential oil 
Peak 
No. 
Retention 
Time 
(minute(s)) 
Molecule 
Mass 
Molecule 
Formulae 
Chemical Compound 
 
Area (%) 
1 10.577 136 C10H16 Limonen 71.88 
2 11.590 136 C10H16 1,4-Sikloheksadiena 13.93 
3 8.701 136 C10H16 β-Pinen 10.57 
4 7.291 136 C10H16 β-Ocimen 2.37 
 
The most dominant compound in the rough lemon peel essential oil, with a content of 71.88%, 
is limonene, C10H16, with 10.577 minutes of retention time. The spectra shows the peak of ion 
molecule at m/e 135 and fragmentation peaks at m/e 121, 107, 93, 79, and 68. By comparing 
spectra obtained with the reference from the library, the compound with the closest mass spectra 
is Limonene, as shown in Figure 2 and the fragmentation pattern hypothetically is shown in 
Figure 3.  
 
Figure 2(a) Mass Spectrum of GC-MS analysis for limonene compound; 
(b)  Standard Wiley library 
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Figure 3 Fragmentation pattern for Limonene compound 
3.2. Antibacterial Activities of Rough Lemon Rind Essential Oil  
Antibacterial activities were determined using paper disk diffusion method. The ability of rough 
lemon peel essential oil to inhibit bacterial growth was observed from the clear zone appeared 
around the paper diskagainst Escherichia coli and Bacillus cereus, as shown in Table 3. 
Table 3. Clear zone diameters against bacterial growth with rough lemon rind essential oil 
Essential Oil Concentration 
(%) 
Clear zones diameter against bacteria with essential oil 
(mm) 
Escherichia coli Bacillus cereus 
25 % 9.2 9.6 
30 % 10.4 10.5 
35 % 10.7 12.5 
40 % 12.9 12.7 
 
Table 3 shows that the higher essential coil concentration is, the bigger the clear zones because 
there is more active ingredients diffused through the paper disk towards bacteria. Based on 
Clinical and Laboratory Standards Institute (2012), a substance has a weak antibacterial 
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activities with clear zone diameter of ≤12 mm, moderate category when clear zone diameter is 
between 13 – 17 mm and strong category when the diameter is ≥ 18 mm. Rough lemon rind 
essential oil is in moderate category towards Bacillus cereus and Escherichia coli at 
concentration of 40% with each clear zone is at 12.7 mm and 12.9 mm respectively.  
The result of this research shows that clear zone bacteria formed from rough lemon peel 
essential oil is bigger towards gram-positive bacteria (Bacillus cereus) than negative-gram 
bacteria (Escherichia coli). This is because gram-poistive bacteria is more sensitive to active 
ingredients than negative-gram bacteria. The cell wall structure of gram-positive bacteria is 
simpler with a singular layer and simpler lipid content (1 – 4%) which ease the penetration of 
active ingredients to the cell. On the other hand, negative-gram bacteria is more complex with 
lipoprotein of outer layer and polysaccharide as mid-layer which act as a barrier for active 
ingredients to enter. Furthermore, the inner layer is peptidoglycan with high lipid content (11 – 
22%) (Mulyani, 2009; Chan et al., 2010). 
4. Conclusion  
3.6 gram (0.8%) of essential oil was produced from 450 gram of dried rough lemon rind 
powder. GC-MS analysis showed that rough lemon rind essential oil contains 5 chemical 
components with 4 of them were interpretable as Limonene (71.88%), 1,4-cyclohexadiene 
(13.93%), β-Pinene (10.57%) and  β-Ocimene (2.37%). Antibacterial activity was tested to 
Bacillus cereus and Escherichia coli at 40% concentration (v/v) with clear zones of 12.7 mm 
and 12.9 mm respectively.  
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